Abstract -A channel model has been established by analyzing the characteristics of the non-line-of-sight (NLOS) environment in a domestic airport surface and referencing mobile communication and air channel research. Through deducing the analytical formula of Doppler spectrum that incident angle in Gaussian distribution, we got the spread of frequency that produced by relative motion, and we assess the communication performance of the channel by contrasting the bit error rate of some channel. Channel evaluation also by analyzing channel capacity in different antenna configuration to compare priori knowledge. The simulation results show that the established channel model can accurately describe the characteristics of the non-line-of-sight environment in the airport surface, and it can be used for the design of multilateration (MLAT) system and the research of time difference of arrival (TDOA) localization algorithm.
Introduction
For improving the positioning precision of MLAT system, it must solve the NLOS problem. The NLOS environment between the mobile station (MS) and base station (BS) can make excess delay of TDOA value, namely NLOS error. It can't eliminate NLOS error by improving the system of the measuring accuracy of TDOA receiver. The NLOS error is only affected by the wave channel.
The research on aviation channel especially NLOS channel suitable for airport surface at home and abroad is less than on wireless channel. In the aviation channel aspect, [1] analysis the characteristics of air channel. The authors do some improvement and implementation to the aviation channel statistical model based on the incident angle in [2] . In [3] , a mixed application channel model about aviation and wireless communication is proposed, the model is used to simulate various fading signal. It analysis the unmanned air vehicle (UAV) in different flight status, proposed a statistical channel model that is applied to UAV in [4] . The interference between channels caused by multi-path and multiple antenna transceiver situations are introduced in [5] and [6] . The channels of above are all include LOS component, and has not test whether the channel applicable.
Referencing the channel model of above, and anglicizing the real NLOS airport surface environment, also combining with MLAT technology, a channel model is proposed and evaluated in this paper.
Establishing Channel Model According to the Actual Environment
The Description of Actual Airport Surface Environment. Multiple antenna communication combines antenna diversity and space-time code technology, which can effective against multipath fading and improve spectrum efficiency. The research about multiple antenna technology applied in aviation channel has started in recent years [7] .
A domestic airport surface environment is shown in Fig.1 . Scattering environment between the transmitting antenna array Tx and target receiving antenna array is made up of ground building vehicles and landing or take-off aircraft. The distance from MS to BS is d . 
The maximum Doppler frequency shift is d
The number of incident wave is s N , the probability density function (PDF) of the incident wave angle distribution is () 
And from Eq.5, there is
We use () Sfdenotes the Doppler spectrum. Then
A denotes the average receive power of the Omni-directional antenna. The antenna gain of direction 
For the convenience of the following derivation, we define arccos(
The airport usually located in remote areas and suburban environment, and Gauss model is more practical than the uniform model. When the incident angle obeys Gauss distribution, its Standard deviation is , and the PDF is 
Simulation Results with Analysis
In order to evaluate the established channel model in this paper, we did four kinds of simulation as below. The general parameters of the simulation include the carrier frequency 2 GHz and the speed of MS 200 km/h. Simulation of Doppler Power Spectrum. Suppose the incident wave obeys the Gaussian distribution, average incident angle 0 0   and the movement direction of the target is 0°, 90°and180°. We get the Doppler spectrum in different direction as follows.  is small, it means the incident expansion angle is small. At this time the scatterer are mainly distributed between the MS and BS, and the power spectrum energy is mainly distributed in the positive frequency shift. AS  becomes bigger, the incident expansion angle becomes bigger. So the scatterer behind BS increases as the energy in the negative frequency shift gradually increases. Fig. 3 shows that when the movement direction is 90°, MS moves perpendicular to the connection between MS and BS. When  is small, the scattering object are relatively concentrated near the average incidence angle. Small frequencies shift have larger energy while large frequencies shift with less energy. AS  becomes bigger, scattering distribution tends to be uniform distribution of [ , ]   and power spectrum approaches to the classic spectrum. Fig. 4 tells that when the movement direction is 180°, MS deviate from BS. The Doppler power spectrum is mainly concentrated in the negative half shaft.
Simulation of Bit Error Rate (BER).
Rayleigh channel is a commonly used NLOS channel. We calculate the BER of our channel and compare it to the Rayleigh channel and the channel in [5] . The result is shown in Fig. 5 . (b) Channel capacity per dimension. Fig. 6 The CDF of channel capacity. Fig. 5 shows that the channel BER decreases along with the signal-to-noise ratio (SNR) increases. The BER of our channel is small than the Rayleigh channel and the channel in [5] , so our channel has good communication performance and suitable for the analysis of NLOS environment. And we also see that the OFDM modulation has lower BER than the BPSK modulation.
Simulation of Cumulative Distribution Function (CDF) of Channel Capacity. The comparison of the total channel capacity and the channel capacity per dimension in different antenna configuration is shown in Fig. 6 . The different antenna configuration is 2×2, 3×3 and 4×4.
From Fig. 6 , the channel capacity increases as the SNR increases. As the number of antenna increases, the total channel capacity increases while the channel capacity per dimension decreases. Because the more the number of antenna is, the larger the mutual correlation of each antenna becomes. It makes the rank of the channel transfer function matrix with additional loss, and finally leads to the drop of the channel capacity per dimension. This result is the same as Fig. 12 in [9] . So our channel coincides with the priori knowledge.
Simulation of Geometric Dilution of Precision (GDOP) in Different Channels. We suppose the height of the target is 2km, and use the Star-model Station. Then we get the coverage of positioning precision in different channels as below. Different channels produce different TDOA error that decline the precision of the location algorithm. We get the GDOP contour line with the same embattling mode. From Fig.  7 , the positioning coverage of our channel is larger than the Rayleigh channel and the channel in [5] . So our channel is suitable for the analysis of location algorithm.
Conclusions
Establishment of NLOS propagation channel model that conforms to the real environment has important significance for improving the precision of the positioning system. According to the NLOS problem in MLAT system, a channel model is proposed after the analysis of the real airport surface environment. The established channel is based on the distribution of the scattering object, and the construction method is clear. Simulations and the analysis show that the model is suitable for NLOS environment and it can well describe the condition of Doppler frequency shift caused by relative motion. It has good communication performance and the increase or decrease trend of channel capacity in different antenna configuration coincide with the prior knowledge. And it can be used for the design of MLAT system and the research of TDOA localization algorithm.
